In recent years, the interest in research concerning Education for Sustainable Development (ESD) has grown considerably. Therefore, a thorough (re)evaluation of this field and its challenges is highly necessary and can help us better understand the diversity of ESD approaches and the ways in which various scholars, countries, institutions, or universities reacted through research and scientific publications to the study of ESD. Using a bibliometric approach, we analyzed 1813 papers on the subject, indexed by the Web of Science, between 1992 and 2018. The main findings increased our understanding of the ESD domain: we identified vital research, landmark studies in the development of the field, critical past contributions, emerging trends, and potentially transformative ideas. The number of publications, authors, and journals has increased, proving that ESD has gained momentum over the period examined in the study. Similarly, there are more and more works written in collaboration by people (scholars, researchers, etc.) from different parts and cultures of the world, indicating that publishing on ESD is like a legacy to international efforts to bring this area of inquiry into the mainstream. Finally, the study illustrates two main research directions for the entire timespan: integration of education into sustainable development and of sustainable development into education.
Introduction
In recent years, numerous studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] have shown that the interest in research concerning Education for Sustainable Development (ESD) has grown considerably. As it expands rapidly, this sector is becoming more visible and significant in a global world affected by serious environmental issues and by growing social, economic, and political inequality. Hence, sustainable development is a real challenge for our society.
Climate change, global warming, depletion of natural resources, desertification, pollution of bodies of water and air, high carbon emissions, food shortages, and other threats to our world's future demand more sustainable societies, lifestyles, and economies.
There are numerous definitions for Sustainable Development (SD), but the best known and generally-accepted one belongs to the Brundtland Commission: "sustainable development seeks to meet the needs and aspirations of the present without compromising the ability to meet those of the future" [11] (p. 39) . The European Commission [12] also explains the role of SD: "it provides a comprehensive approach bringing together economic, social and environmental considerations in ways that mutually reinforce each other".
Literature Review of Bibliometric Studies on ESD
In a broad sense, bibliometric analysis is used to obtain quantitative data regarding academic literature. More specifically, Liao et al. define it as "the cross-disciplinary science of quantitative analysis of all knowledge carriers by mathematical and statistical methods" [35] (p. 1). The main elements of a bibliometric analysis are the documents, authors, journals, references, citations, and co-citations.
Even though a bibliometric approach is not the perfect tool for all fields and in all circumstances, there are many publications that confirm the fact that bibliometric analysis is used as a tool by all scientific communities: to appraise the quality of a research field [36, 37] ; to evaluate the quality of a journal [38, 39] ; to establish a scientific portrait by looking at the activity of a researcher, or group of researchers [40, 41] ; to classify types of scientific networks and map scientific collaborations, on inter-institutional, national, and international levels [42, 43] ; to evaluate the influence of financing certain programs and/or projects on scientific production [44, 45] ; to set up hierarchies, by comparing one country to another, one institution in relation to a country, and even researchers and scientists in relation to their own scientific communities [6, [46] [47] [48] . At the same time, bibliometric analysis can be applied to macro analyses (e.g., a country's quota in the global production of scientific literature during a given period of time), as well as to micro studies (e.g., the role of an institution in producing articles in a scientific field) [45, 49] .
Science mapping is an essential procedure in the construction, analysis, and visualization of bibliometric networks [46] . It is considered a helpful approach "to clearly understand the concepts of science, making them more lively visible and concrete" [50] (p. 19 ). There are many software programs used for analyzing and visualizing bibliometric networks [51] , each having advantages in one or several specific functions. CiteSpace, CiteNetExplorer, VosViewer, Publish or Perish, Pajek, and Gephi are considered to be "among the most important or most popular ones" [46] . Most of these software programs are open source or free for academic and non-profit use.
The bibliometric analysis of ESD has been less covered by scientific publications, particularly after 2014-2015, when the SDGs were introduced. Moreover, they do not look at ESD globally, but choose either a research field (e.g., tourism [52] or ocean exploration [53] ), a journal (e.g., Journal of Cleaner Production [7] or Sustainability [10] ), or just a topic (e.g., higher education [54] ). Sometimes, they are limited to only one database (Web of Science or Scopus), but they do not study in-depth co-citation, for example, or they do not do mapping science [3] .
Therefore, previous bibliometric studies provide the foundation for understanding the ways bibliometrics might be applied to the evaluation of scientific output from the ESD domain. On the other hand, Reunamo and Pipere claimed that the small number of existing studies "can be partly explained by the complex and constantly evolving nature of the ESD domain" [2] (p. 111).
A first substantial bibliometric analysis of ESD was carried out by Wright and Pullen in 2007 [1] . They engaged in a statistical description of the literature, analyzing the whole period between 1990 and 2005, but focusing exclusively on English language articles included in the ERIC database. What they found was that in the given period, the number of articles increased, but not significantly. The same held true for the number of journals. Only the number of authors increased substantially. Wright and Pullen also showed that articles based on ESD were published both in traditional journals and in interdisciplinary ones, illustrating the "global nature of ESD publication activities". At the same time, they noticed that certain academics saw ESD only from a specific academic field, such as environmental or health, and basically referred to ESD with a different term such as "Environmental Education" (EE).
However, in the literature, there is a whole debate about what distinguishes ESD from EE, as Briggs, Trautmann, and Fournier [55] (p. 14) highlighted in a large study on EE publications focused on Latin America and the Caribbean countries, between 2000 and 2018: "EE and ESD are characterized either as overlapping concepts or as two distinct philosophies". Nomura expressed concern that "ESD can only take an anthropocentric approach unlike EE" [56] (p. 621), while Maurer and Bogner [57] , who carried out an analysis of sustainability concepts on 464 university freshmen, showed a large discrepancy between EE and ESD.
This "tension or transition" between EE and ESD as depicted by Reid and Scott [58] can be considered a limitation of bibliometric analysis, and Wright and Pullen claimed that a content analysis of the articles would lead to a more "meaningful future contribution to understanding the literature" [1] (p. 84 ). Yet, before 2007, no study had reflected on the nature of publications in the field nor investigated the direction of ESD publications.
A decade later, Côrtes and Rodriguez [4] conducted a bibliometric study surveying papers included in the WoS and Scopus databases between 1993 and 2015. Their aim was to offer input by analyzing the literature on Education for Sustainability (EfS) in order to identify future opportunities for research and to show the maturity level of the field. They investigated 279 papers, authored by 157 scholars from 36 countries, and revealed that Australia occupied the first position if we looked at countries (having more than 30% of the publications), followed by the U.K. (with 15%) and the USA (with 14%). The same was true for journals. Nevertheless, Côrtes and Rodriguez found that these data showed a certain lack of publication specifically about education for sustainability. The majority of articles came from the social sciences, "which have the characteristic of interdisciplinarity of themes and approaches" [4] (p. 14) . The authors concluded "that there is a possibility of specific publications or special editions about such themes to emerge" [4] (p. 14) .
Consequently, in 2017, Cullen [5] looked at the way in which the growth of interest in sustainability in business, management, and organizational studies was reflected in scholarly works between 1994 and 2013. Cullen's study was the first of this kind, and its main findings revealed that the number of published and quoted papers on sustainability as a general topic in business and management studies increased exponentially and that there was a variety of educational approaches to this topic in the literature. Veiga Ávila and his colleagues [7] undertook a quantitative and qualitative analysis of 5924 articles included in WoS about sustainability topics and EfS during 2005-2014. They also analyzed 17 articles published in a special issue dedicated to ESD by the Journal of Cleaner Production (January 2014). Veiga Avila and his colleagues found that the most dynamic field was that of sciences; most articles were published in 2013, and among the most representative authors were Donald Huisingh and Mathias Barth. The authors admitted that the main limitation of their study was the narrow area of research generated by the chosen database. They pointed out that "future studies of this nature should cover a greater range of sources", for example "national and international academic events, scientific journals, and other significant scientific databases" [7] (p. 117).
Trindade et al. [8] analyzed "the characteristics of scientific publications on the subject of EfS linked to theories of experiential, transformative, liberating and social learning". They looked at Web of Science and Scopus between 2007 and 2016, as well as at the proceedings of the National Association of Postgraduate Programs in Administration events in Brazil. Their findings were that the theory of social learning was the most solid in the literature. The results of their study enriched our knowledge about how learning theories can contribute to achieving the objectives of EfS. However, their study was quantitative in nature, without focusing on issues related to the quality of publications.
In a very recent study, Hallinger and Chatpinyakoop [54] analyzed 1459 Scopus indexed documents related to Higher Education (HE) for sustainable development. They found that the rapid growth rate of the knowledge base was due to scholars located in more economically developed societies. However, their findings revealed the need for diversification and for a more sophisticated implementation of research design.
What the authors of this article have noticed is that a global view of the field of ESD is missing. Moreover, according to Rickinson [59] , there is a need for review papers "to have much stronger connections to the field's tradition of methodological discourse and debate". Thus, to the best of our knowledge, this is the first study that covers the whole period of 1992-2018, since the ESD notion was introduced and up to the present.
Methodology
The main aim of this paper is to conduct a bibliometric analysis of ESD papers indexed by WoS between 1992 and 2018. To achieve this goal, we set the following research objectives:
1.
Establishing a descriptive structure such as the volume, distribution (based on the research field) and dynamics of ESD publications between 1992 and 2018, as well as the authors with the most publications, the scientific disciplines with most published results, etc.
2.
Determining the impact scientific publications have on generating new knowledge. For instance, classical citations, the main actors (authors, institutions, countries, etc.), the papers that have contributed the most to the progress of scientific knowledge, the most influential journals for publishing the findings of studies, etc.
3.
Tracing collaboration patterns (e.g., the degree of collaboration among authors, countries, or institutions).
4.
Identifying key research areas and emerging trends (e.g., the major research areas, the most active areas, critical transitions in the development of the field, domains that were not explored by previous research, etc.).
Methods and Tools
As we have seen, there are several advantages to implementing bibliometric analysis for the purposes of this study: it allows a better understanding of the structure of scientific data; it gives the opportunity to identify, analyze, and evaluate the literature on this topic; it provides valuable insights into the chronological development of this field of research (past, present, and future); it enables us to identify the authors, articles, journals, topics, and citations that have an impact on the scholarly Sustainability 2019, 11, 6136 6 of 35 community; it gives the opportunity to establish the degree of interaction between authors, scientific papers, and journals, to summarize large datasets, and to identify popular issues and research trends. Bibliometric analysis also allows the identification of a circuit of knowledge between two or more research domains and gives the possibility to recognize new types of scientific research, as well as important issues for examining the subject more in depth.
We used bibliometric analysis to explore the four research aspects from the following perspectives: (a) content analysis for documents, authors, journals, institutions, and countries; (b) citation and co-citation analyses in order to identify the most important publications, highly cited authors, and the leading journals, institutions, and countries; (c) co-authorship analysis for authors, countries, and institutions; and (d) co-occurrence analysis to single out the research hotspots and emerging trends.
We worked with VoSViewer and CiteSpace to analyze and visualize bibliometric networks. VosViewer was developed by Van Eck and Waltman at the Centre for Science and Technology Studies from Leiden University, Netherlands. Having a friendly user interface, VosViewer provides both the basic functionality needed for visualizing bibliometric networks and the advanced features for creating such networks [46] .
CiteSpace was developed by Chaomei Chen at Drexel University, USA and is a more specialized tool that has the advantage of categorizing data into different time subperiods and the capacity of visualizing the networks utilizing various layouts. CiteSpace, a real "X-ray machine for the literature" as Chen describes it [47] , allows users to explore the intellectual landscape of a knowledge domain, to see how it evolved over time, and to identify the research hotspots and frontier directions in a certain field or domain [60] .
Both software are freely available online and effective in information visualization [46, 47] . We used them to construct co-citation networks, co-authorship networks, co-occurrence networks, and for burst detection.
Sources and Data Collection
The accuracy of a bibliometric analysis depends, first and foremost, on the search results in databases. If the aim is to analyze scientific productivity in a research field, one needs to make sure that this area is well represented in the database where the bibliographic search is performed. In fact, when we decide upon a database for a bibliometric study, we have to take into consideration at least two aspects: the degree to which the sources from a database cover specialized literature published in a particular domain and data accuracy (e.g., inconsistencies, mismatches, incorrect spelling of authors' names, or lack of standardization regarding titles or journals' affiliation).
Therefore, in order to get high quality documents, influential in the field of ESD, we used the Web of Science Core Collection. It is one of the most important sources of scientific documentation worldwide for detailed bibliometric analysis. We considered WoS to be the most relevant database for covering research on ESD, since it receives a large number of submissions. WoS, which has been including publications since 1945 and has a citation database dating back to 1900, communicates about 90% of the truly valuable research. Liao et al. [35] showed that, compared to other databases, the two indexes (Science Citation Index Expanded and Social Science Citation Index) include more scientific and authoritative publications. At the moment, the WoS Core Collection comprises over 12,000 peer-reviewed journals, across 150 disciplines of natural sciences, social sciences, and arts and humanities.
In order to identify documents, we based our search on PRISMA guidelines [61] for conducting a systematic review of research (see Figure 1 ). The criteria are listed in Table 1 .
We focused our search strategy on three concepts rather than on just one: sustainability education, education for sustainability, and education for sustainable development. Although they are often used interchangeably (for example, the work in [62] used the term "sustainability education" for all forms of education concerning land and environment), until now, no bibliometric analysis has analyzed them together. On the other hand, even if we were primarily interested in articles published in journals, we decided to include in our dataset other document types as well, such as books, book chapters, conference papers, and reviews.
As a result, on 21 February 2019, we extracted a total of 1813 papers, which were downloaded in a tab separator format.
Time span 1992-2018 Document type
Articles, books, book chapters, proceedings papers, reviews
We focused our search strategy on three concepts rather than on just one: sustainability education, education for sustainability, and education for sustainable development. Although they are often used interchangeably (for example, the work in [62] used the term "sustainability education" for all forms of education concerning land and environment), until now, no bibliometric analysis has analyzed them together. On the other hand, even if we were primarily interested in articles published in journals, we decided to include in our dataset other document types as well, such as books, book chapters, conference papers, and reviews. As a result, on 21 February 2019, we extracted a total of 1813 papers, which were downloaded in a tab separator format.
Data Analysis and Results
In the following section, we present the results related to the research objectives.
Content Analysis

Document Types
Following the PRISMA guidelines, we identified 1813 papers. Fifteen types of documents were retrieved, the most frequent being the article (1347 papers), representing 74.29% of total publications. Other document types were proceedings papers (18.09%), book chapters (13.95%), editorial material (3.80%), reviews (2.20%), etc. The rest of the document types had insignificant shares (reprint, letter, etc.), except for meeting abstracts (0.71%).
Papers in Different Subfields/Categories
In WoS, publications (journals, books, etc.) are sorted into more than 250 subject categories and There are more than 100 categories covering publications in journals or conferences. Therefore, we present only those that count 50 or more documents. The highest number (1079) was associated with the category education educational research (59.51% of total publications). Next, at a 
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Content Analysis
Document Types
Following the PRISMA guidelines, we identified 1813 papers. Fifteen types of documents were retrieved, the most frequent being the article (1347 papers), representing 74.29% of total publications. Other document types were proceedings papers (18.09%), book chapters (13.95%), editorial material (3.80%), reviews (2.20%), etc. The rest of the document types had insignificant shares (reprint, letter, etc.), except for meeting abstracts (0.71%). There are more than 100 categories covering publications in journals or conferences. Therefore, we present only those that count 50 or more documents. The highest number (1079) was associated with the category education educational research (59.51% of total publications). Next, at a considerable distance, we found green sustainable science technology with 570 papers (31.43%), environmental studies with 413 publications (22.77%), and environmental sciences with 315 documents (17.37%). The following categories also had more than 50 recordings: engineering environmental, 142 (7.83%), and education scientific disciplines, 101 (5.57%). Engineering multidisciplinary, management, and regional urban planning each numbered 50 recordings (2.75%).
Papers in Different Subfields/Categories
Each WoS category was mapped to one research area. According to WoS, there are five broad categories of research areas: arts and humanities, life sciences and biomedicine, physical sciences, and social sciences and technology.
The top 10 research areas covered by documents from the set collection were: education educational research (social sciences), 1132; environmental sciences ecology (life sciences and biomedicine), 614; science technology other topics (technology), 575; engineering (technology), 229; business economics (social sciences), 117; social sciences other topics (social sciences), 65; public administration (social sciences), 50; geography (social sciences), 36; computer science (physical science), 33 and psychology (social sciences), 31. The data were in accordance with those obtained by Côrtes and Rodrigues [4] , namely the vast majority of articles came from social sciences, and with those obtained by Veiga Ávila et al. [7] , the most dynamic areas being those of sciences.
The Annual Trends of ESD Related Publications
Starting with the year 1996, a gradual rise could be noticed in the number of publications, and after 2014, there was considerable growth (see Figure 2 ). considerable distance, we found green sustainable science technology with 570 papers (31.43%), environmental studies with 413 publications (22.77%), and environmental sciences with 315 documents (17.37%). The following categories also had more than 50 recordings: engineering environmental, 142 (7.83%), and education scientific disciplines, 101 (5.57%). Engineering multidisciplinary, management, and regional urban planning each numbered 50 recordings (2.75%). Each WoS category was mapped to one research area. According to WoS, there are five broad categories of research areas: arts and humanities, life sciences and biomedicine, physical sciences, and social sciences and technology.
Starting with the year 1996, a gradual rise could be noticed in the number of publications, and after 2014, there was considerable growth (see Figure 2 ). Although the time-span was set to start in 1992, the first document found in WoS dated from 1996. This could be due to the fact that only in 1996 was the concept of ESD formally developed at the fourth meeting of the United Nations Committee on SD [63] . As we can see in Figure 2 , research on ESD is placed in a timeframe that can be divided into three stages: the initial stage (1992-2004), steady rise (2005-2014), and high growth (2015-present).
Authorship
We identified over 3000 authors, out of whom at least 10 published more than 10 articles. The top 10 included the following scholars: Thomas Ian, 20 (1.07%), Barth Mathias, 17 (0.93%), Leal Filho Walter, 16 (0.88%), Shephard Kerry, 15 (0.82%), Kopnina Helen, 14 (0.77%), and Huisingh Donald, 13 (0.71%). Dlouha Jana, Rieckmann Marco, Van Poeck Katrien, and Wiek Arnim had 11 articles each (representing 0.60% of the total number of indexed articles).
The number of papers by the top 10 authors was 139 and only accounted for 7.67% of the 1813 papers. Although the time-span was set to start in 1992, the first document found in WoS dated from 1996. This could be due to the fact that only in 1996 was the concept of ESD formally developed at the fourth meeting of the United Nations Committee on SD [63] . As we can see in Figure 2 , research on ESD is placed in a timeframe that can be divided into three stages: the initial stage (1992-2004), steady rise (2005-2014), and high growth (2015-present).
We identified over 3000 authors, out of whom at least 10 published more than 10 articles. The top 10 included the following scholars: Thomas Ian, 20 (1.07%), Barth Mathias, 17 (0.93%), Leal Filho Walter, 16 (0.88%), Shephard Kerry, 15 (0.82%), Kopnina Helen, 14 (0.77%), and Huisingh Donald, 13
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The number of papers by the top 10 authors was 139 and only accounted for 7.67% of the 1813 papers. 4.1.5. Countries/Regional Distributions As far as the countries or regions were concerned, 95 contributed to the 1813 papers analyzed by this study. The country where the author works was taken into consideration, which may be different from the country of birth or country of citizenship. From a geographical point of view, it can be noticed that the U.S. dominated the classification (15.88%), followed by Australia (12.52%), England (11.43%), Germany (8.10%), and Sweden (6.67%). A significant number of articles (but still under 100) came from: Canada (4.68%), Spain (3.86%), The Netherlands (3.14%), Japan (2.97%), and China (2.86%).
The Distribution of Institutes on ESD
More than 1000 organizations that contribute to the knowledge base of ESD related publications were identified. The great majority was universities or research institutes.
Royal Melbourne Institute of Technology (RMIT) University is the leading body in terms of the number of ESD related publications, with 42 papers accounting for 2.31% of all publications. It was closely followed by the University of Plymouth with 28 papers, representing 1.54%, and Arizona State University with 26 papers (1.43%). The next positions were held by Australian universities: Queensland University of Technology with 24 papers (1.32%), James Cook University with 23 papers (1.26%), and University of Tasmania with 20 (1.1%). Leuphana University of Lüneburg and Manchester Metropolitan University each had 18 articles (0.99%), while Griffith University and Rhodes University had entered the top 10 with a similar number of articles: 17 (0.93%). The top 10 institutions generated 12.85% of the total articles.
The Distribution of Published Journals on ESD Study
Researchers published their findings in specialized academic journals that promote innovative ideas and give purpose and usefulness to their work. Like Rosas underlines, an analysis of journals is important in order to evaluate "the presence of a set of papers across scientific fields" [64] (p. 3). We looked at two bibliometric indicators applied to journals, namely impact factor and citation percentile.
For evaluating the prestige of scholarly journals, the best known and most used indicator is the Impact Factor (IF). It represents, for a given year and a journal, the ratio between the number of citations and the number of articles published in the two previous years. Auto-citations in the same journal are accepted in the IF calculation (according to the "presumption of innocence"). A high impact factor points to numerous citations of the articles in that journal, hence to the prestige of the articles. However, Bornmann and Marx [38] suggested that determining the quality of a journal can be done by using other bibliometric indicators. Thus, in order to establish the impact of a publication in comparison to other similar publications in the same subject category and year of publication, the citation percentile should be considered. It was defined by Waltman and Schreiber [65] as a percentile based bibliometric indicator that refers to the position of a paper (or a group of papers) with respect to other papers in a given discipline or research field, country, and/or a given time period, based on the number of citations they have received. After the publications are sorted by citation numbers, they are broken down into percentile ranks between zero and 100. The higher the percentile rank, the bigger the scientific impact of a journal. For example, if a journal is in the first quartile, that means the journal in question has a higher impact.
The 1813 research papers from our dataset were published in 732 traditional disciplinary and interdisciplinary journals. Table 2 presents the best journals for publication. The core journals focus on subject areas such as environmental and sustainability education, sustainability in higher education, sustainability and sustainable development, engineering education, and science education.
The Journal of Cleaner Production stands out due to its high IF and because for three domains, it is placed in Q1. An interesting case is that of the Australian Journal of Environmental Education, which does not yet have an IF (it is listed in the Emerging Sources Citation Index), but has a greater number of publications than other journals with a high IF.
Before moving to the second research aspect, we can summarize the results of the content analysis section as follows: The most frequent document type was the article (74.29% of total publications), and most documents were published in social sciences (78.92%). Publications on ESD can be divided into three time frames: initial stage, steady rise, and high growth. The high growth occurred during the Decade of Education for Sustainable Development. Thomas Ian was the author with the biggest number of publications (20) . His affiliation was with RMIT, which was also the most active institute when it came to publications (42 papers, representing 2.31%). The country that generated the most publications was the USA (15.88%), and the most popular journal was Environment Education Research with 173 papers (9.54% out of the total publications).
Citation and Co-Citation Analysis
Citation and H-Index Analysis
According to Eck and Waltman [46] , citation analysis is an efficient way to study communication within the academic community, the structure of a science from an interdisciplinary point of view, as well as the mechanisms of creating new knowledge. Citation is also extremely important for determining the significance of a scientific article. Tahamtan and Bornmann [66] discovered a strong correlation between citation frequency and a paper's intrinsic scientific value, the number of citations being the main factor that reflects a paper's quality. This correlation has been statistically proven on samples of world-famous researchers, including Nobel laureates [67] .
Regarding direct citations corresponding to our dataset, we used the WoS indicators. Thus, the 1813 publications were cited 11.891 times, 8070 of them being bibliographic references without counting auto-citations. The number of papers citing these articles was 5688, out of which 4748 were articles without bibliographic auto-citations.
The Hirsch index (or h-index) is a tool used to evaluate researchers' and academic institutions' scientific performance and impact. A researcher has an h-index if h publications out of the total number of his/her publications have at least an h number of citations each and his/her other publications have been cited not more than h times each. The Hirsch index calculates simultaneously the quality and impact of research over time. The h-index can also be calculated in order to establish the overall value of publications by researchers in an institution, university, or country when looking at a particular scientific field.
For our dataset, the average citations per item was 6.56, while the h-index was 46.
From Figure 3 , one can notice that, after 2010, there was a steady increase in the number of citations, which confirmed both the researchers' growing interest and the evolution of the field. being the main factor that reflects a paper's quality. This correlation has been statistically proven on samples of world-famous researchers, including Nobel laureates [67] . Regarding direct citations corresponding to our dataset, we used the WoS indicators. Thus, the 1813 publications were cited 11.891 times, 8070 of them being bibliographic references without counting auto-citations. The number of papers citing these articles was 5688, out of which 4748 were articles without bibliographic auto-citations.
From Figure 3 , one can notice that, after 2010, there was a steady increase in the number of citations, which confirmed both the researchers' growing interest and the evolution of the field.
According to Roemer and Borchardt [42] , one of the best bibliometrics indicators to compare the impact of different scientists over time is the h-index. Citations are like fingerprints of scientific achievements, and they witness the evolution of ideas. Table 3 introduces the authors who have brought important contributions to the advancement of ESD. Until now, there has been no single citation analysis tool that collects all publications and their cited references. Therefore, in order to find out the impact top 10 authors have had, we also included in Table 3 the h-index for Google Scholar (GS) and Scopus. Since GS does not provide the total number of documents, special software (e.g., Publish or Perish) is required to count an author's references. Interestingly, although Thomas Ian had the most published papers (20) , he was not the most cited.
Bibliometrics is not designed to evaluate research performance directly, so this type of analysis should be accompanied by qualitative analysis as well. According to Roemer and Borchardt [42] , one of the best bibliometrics indicators to compare the impact of different scientists over time is the h-index. Citations are like fingerprints of scientific achievements, and they witness the evolution of ideas. Table 3 introduces the authors who have brought important contributions to the advancement of ESD. Until now, there has been no single citation analysis tool that collects all publications and their cited references. Therefore, in order to find out the impact top 10 authors have had, we also included in Table 3 the h-index for Google Scholar (GS) and Scopus. Since GS does not provide the total number of documents, special software (e.g., Publish or Perish) is required to count an author's references. Interestingly, although Thomas Ian had the most published papers (20) , he was not the most cited.
Bibliometrics is not designed to evaluate research performance directly, so this type of analysis should be accompanied by qualitative analysis as well. Table 4 identifies the highly cited papers as reported by WoS. For each paper from the top 10, we can single out the title, the journal, the authors, the year of publication, the research area, keywords, the total number of citations, and three variables for the Number of Authors (AN), number of organizations (IN) (higher education institutions or research institution), and the country of origin (CN). Four papers in the top 10 were published in the Journal of Cleaner Production, and 12.31% of the total number of citations belonged to the first most influential ten papers.
The top 10 countries and their respective number of citations were: USA (2947), England (1971), Australia (1423), The Netherlands (1397), Germany (1156), Sweden (997), Belgium (744), Mexico (556), Spain (513), and Canada (468). USA, England, and Australia had the most cited publications and the most significant published scientific papers.
The institutions with the best performances in terms of citations received by papers authored by people affiliated with these institutions were: Arizona State University (761), University of Plymouth (404); RMIT University (364); Leuphana University Lüneburg (254); Griffith University (158); Queensland University of Technology (147); Manchester Metropolitan University (125); James Cook University (89); University of Tasmania (68); and Rhodes University (27) . These ten institutions can also be found in the top 10 featuring the institutions with the most scientific publications. Arizona State University had the largest proportion of received citations (761). Many of these articles were written as part of research projects funded by universities. For example, from WoS, we learned that James Cook University financed 54 papers (23 of which were in the top 10), whereas Arizona State University funded 27 (26 in Top 10).
According Table 2 features the journals attracting most researchers for publication. If we also look at the number of citations, we can observe a correspondence between the two classifications only for the first five journals, with slight changes in order. Positions 6-10 were occupied by journals that cannot be found in the top 10 most attractive for publication, but which accurately reflect the diverse research interests from the field of ESD. 
Co-Citation Analysis
Bibliometric analysis focuses not only on bibliographic statistics from the literature and on citations, but also makes use of citation networks based on the links between documents that cite and documents that are cited.
When two items (such as documents, journals, and authors) have at least one item in common they both cite, we are talking about bibliographic coupling, and when both are being cited in the same item, then we are talking about co-citation, even if they do not directly cite one another [46] .
The more often they are cited together by more items, the stronger their relationship [35] . In the case of citation relations, bibliographic coupling is the opposite of co-citation. As we shall see in what follows, there is a distinction between direct citation relations, bibliographic coupling relations, and co-citation relations [46] , each of them having its own advantages or disadvantages relative to the others. On the other hand, for social sciences and humanities, Glänzel [68] suggested a combined use of bibliographic coupling and co-citation.
In both visualizations made by VosViewer (Figure 4a,b) , each circle represents a researcher. If the circle is larger, researchers have more publications that meet the analysis criteria. The closer the researchers are, the more strongly they are linked to each other. Only Wals, Lozano, and Wiek appeared in both analyses. The next step was to identify the most influential documents (see Table 5 ) by doing a co-citation analysis with VosViewer on 48,143 valid references (149 met the threshold with a minimum number of 20 citations of a cited reference). When we looked at citation dynamics, we also had to take bursts into consideration. Xiao et al. [69] explained that citation burst is an alternative method by means of which we can obtain "evidence that the publication has attracted an extraordinary degree of attention from its scientific community". This usually occurs within a few years after the publication of a paper [40] .
The visualization from Figure 5 shows which references had the strongest citation bursts and during which periods of time the strongest bursts took place (marked with red).
UNESCO's [70] publication ranked first, since it was a landmark, a fundamental reference for ESD. The aforementioned organization established this paradigm and promoted it at the global level by means of relevant and consistent educational programs.
Finally, we looked at the journal co-citation. The visualization of co-citation networks of journals is presented in Figure 6 , where each circle represents a journal. Circle dimensions are proportional to the number of papers citing the corresponding journal. If journals are closer, it means they tend to be more strongly related, based on co-citations.
When we looked at citation dynamics, we also had to take bursts into consideration. Xiao et al. [69] explained that citation burst is an alternative method by means of which we can obtain "evidence that the publication has attracted an extraordinary degree of attention from its scientific community". This usually occurs within a few years after the publication of a paper [40] .
The visualization from Figure 5 shows which references had the strongest citation bursts and during which periods of time the strongest bursts took place (marked with red). UNESCO's [70] publication ranked first, since it was a landmark, a fundamental reference for ESD. The aforementioned organization established this paradigm and promoted it at the global level by means of relevant and consistent educational programs.
VosViewer identified five clusters. In each of them, we could distinguish a core journal around which the others gravitated. Thus, the red cluster To sum up this section, ore main findings were: the data collection was cited 11,891 times, with an average citation per item of 6.56 (h-index = 46); the most cited author was Wiek Arnim (h-index of 31 in WoS, 35 in Scopus, and 44 in Google Scholar), having 680 citations in WoS; the article "Key competencies in sustainability: a reference framework for academic program development" (main author Wiek) was considered the most influential, receiving 377 citations; the countries with the most citations were USA, England, and Australia; the most cited institution was Arizona State University (USA), whereas the most influential journal was Environmental Education Research with 2919 citations, followed by the Journal of Cleaner Production with 2060 citations.
Co-Authorship and Collaboration Patterns
Modern scientific research is collaborative and requires the efforts of researchers from various fields of study, from different institutions, and from international backgrounds. Scholarly cooperation is reflected at the level of scientific communication by articles published in collaboration in a variety of journals. In order to understand this collaboration, with the help of VosViewer, we carried out an analysis of co-authorship patterns on authors, countries, and institutions.
Based on the dataset from 1992-2018, there were 3562 authors contributing to 1813 papers. The map presented in Figure 7a shows the network of co-authorship links between authors of publications or those that have co-authored with them, while in Figure 7b , we present for the most cited author, Wiek, his position and role in the collaborative network.
In Figure 7a ,b, the "bubbles" represent authors. The size of the nodes represents the number of papers, whereas the lines show a collaborative relationship. Two authors united by a line have co-authored one or more publications.
The map from Figure 7a also illustrates the different research communities in the field of ESD To sum up this section, ore main findings were: the data collection was cited 11,891 times, with an average citation per item of 6.56 (h-index = 46); the most cited author was Wiek Arnim (h-index of 31 in WoS, 35 in Scopus, and 44 in Google Scholar), having 680 citations in WoS; the article "Key competencies in sustainability: a reference framework for academic program development" (main author Wiek) was considered the most influential, receiving 377 citations; the countries with the most citations were USA, England, and Australia; the most cited institution was Arizona State University (USA), whereas the most influential journal was Environmental Education Research with 2919 citations, followed by the Journal of Cleaner Production with 2060 citations.
Based on the dataset from 1992-2018, there were 3562 authors contributing to 1813 papers. The map presented in Figure 7a shows the network of co-authorship links between authors of publications or those that have co-authored with them, while in Figure 7b , we present for the most cited author, Wiek, his position and role in the collaborative network. Let us look at the highly cited author Arnim Wiek (Figure 7b ). Between 2006 and 2018, Wiek had 82 entries in WoS and 4192 citations (3872 if we leave out auto-citations). However, only one of these was as a single author. The other 81 were written in groups of researchers, which varied in number from two to 47. Wiek was the lead author in 21 papers. The paper with the most authors was a review article, published in 2018 in a journal having IF > 5. The authors came from 42 universities from all continents. For now (September 2019), it only has 24 citations. Although we cannot firmly state that the more authors, the more citations, our results were similar to those of Faze et al. [71] . Besides, research is a "slow business", and the average length of time it takes to receive a bigger number of citations is usually 3-4 years after the publication. Wiek has written most papers together with Lang Daniel (12), but his most cited ones were those authored with Redman (their articles appeared twice in the top 10).
Collaborative patterns were analyzed for countries, as well. Figure 8 shows which countries were most influential in the field (the big nodes), as well as the degree of communication between In Figure 7a ,b, the "bubbles" represent authors. The size of the nodes represents the number of papers, whereas the lines show a collaborative relationship. Two authors united by a line have co-authored one or more publications.
The map from Figure 7a also illustrates the different research communities in the field of ESD and the connections between them. Authors that have co-authored also tend to be located close to each other on the map. Seven collaborative groups were found. Colors indicate clusters of authors that are relatively strongly connected by co-authorship links. As one can see, there are some cooperation patterns between the topmost productive and cited authors (e.g., Thomas's papers are associated with other top-ranked authors like Barth).
Let us look at the highly cited author Arnim Wiek (Figure 7b ). Between 2006 and 2018, Wiek had 82 entries in WoS and 4192 citations (3872 if we leave out auto-citations). However, only one of these was as a single author. The other 81 were written in groups of researchers, which varied in number from two to 47. Wiek was the lead author in 21 papers. The paper with the most authors was a review article, published in 2018 in a journal having IF > 5. The authors came from 42 universities from all continents. For now (September 2019), it only has 24 citations. Although we cannot firmly state that the more authors, the more citations, our results were similar to those of Faze et al. [71] . Besides, research is a "slow business", and the average length of time it takes to receive a bigger number of citations is usually 3-4 years after the publication. Wiek has written most papers together with Lang Daniel (12), but his most cited ones were those authored with Redman (their articles appeared twice in the top 10).
Collaborative patterns were analyzed for countries, as well. Figure 8 shows which countries were most influential in the field (the big nodes), as well as the degree of communication between countries (the links between nodes represent the cooperative relationships). By looking at the clusters placed further from the core countries, such as the one that includes Romania, Germany, or Ireland, we can remark that the "geographical advantage is not the primary factor that influences the cooperative relationships" [35] and that ESD is a field of interest for researchers all over the world.
As far as collaboration between institutions is concerned, from Figure 9 , we can see that regional cooperation predominated (the blue cluster groups together universities from the Scandinavian peninsula, and the red one brings together Australian universities). Significant as well is the cooperation among diverse European institutions (University of Belgrade, University of Manchester, University of Aveiro, etc.). Nevertheless, global international collaboration seems to be missing. We can see in Figure 8 that several countries tended to work together for a major cluster and that each cluster usually had one or two more core countries. Three countries can be singled out for most publications and citations: USA, England, and Australia.
By looking at the clusters placed further from the core countries, such as the one that includes Romania, Germany, or Ireland, we can remark that the "geographical advantage is not the primary factor that influences the cooperative relationships" [35] and that ESD is a field of interest for researchers all over the world.
As far as collaboration between institutions is concerned, from Figure 9 , we can see that regional cooperation predominated (the blue cluster groups together universities from the Scandinavian peninsula, and the red one brings together Australian universities). Significant as well is the cooperation among diverse European institutions (University of Belgrade, University of Manchester, University of Aveiro, etc.). Nevertheless, global international collaboration seems to be missing.
As far as collaboration between institutions is concerned, from Figure 9 , we can see that regional cooperation predominated (the blue cluster groups together universities from the Scandinavian peninsula, and the red one brings together Australian universities). Significant as well is the cooperation among diverse European institutions (University of Belgrade, University of Manchester, University of Aveiro, etc.). Nevertheless, global international collaboration seems to be missing. Regarding collaborative research aspects, our study's results can be summed up as follows: there were some collaborative patterns between the highly cited, most productive authors; countries tended to work together for a core-country, and regional cooperation among institutions predominated.
Keywords Analysis
For identifying research hotspots, those central categories around which all others gravitated, and concepts or emerging trends, we undertook a keywords analysis with CiteSpace. There were several ways through which we could obtain keywords: from the title, from the abstract of a publication, or straight from the keyword list supplied by the author of a publication.
In the visualization featured in Figure 10 , each term is represented by a cross. The size of a cross is directly proportional to the number of publications that contain the term either in the title or in the abstract. Terms that co-occur often tend to be located close to each other in the visualization. Regarding collaborative research aspects, our study's results can be summed up as follows: there were some collaborative patterns between the highly cited, most productive authors; countries tended to work together for a core-country, and regional cooperation among institutions predominated.
In the visualization featured in Figure 10 , each term is represented by a cross. The size of a cross is directly proportional to the number of publications that contain the term either in the title or in the abstract. Terms that co-occur often tend to be located close to each other in the visualization. Furthermore, we made a citation burst in order to identify which topic received the most attention in the literature (the strongest citation bursts and the periods of time during which the strongest bursts took place, see Figure 11 ). Furthermore, we made a citation burst in order to identify which topic received the most attention in the literature (the strongest citation bursts and the periods of time during which the strongest bursts took place, see Figure 11 ). Furthermore, we made a citation burst in order to identify which topic received the most attention in the literature (the strongest citation bursts and the periods of time during which the strongest bursts took place, see Figure 11 ). To conclude the keywords analysis, we can say that ESD was no longer just a matter related to teaching and learning. Besides being "complex and manifold in their interrelation" [72] , the key topics were all relevant themes for ESD and crucial to SD processes at the local and/or global level.
Discussions
As we have shown in the previous section (Data Analysis and Results), we retrieved some interesting results. In what follows, we will present our findings associated with the four research objectives.
Content Analysis
The analysis of document types indicated that journal articles constituted the biggest segment, approximately 75% of the total number of documents. In other words, out of all the document types recorded in WoS, the article was the main means of communicating scientific information, followed by books, proceedings papers, and reviews (less important). Other types of documents were also registered, but their proportion was much smaller.
In order to retrieve these documents, we used three terms in the selection criterion, namely SE, EfS, and ESD. There is no difference in meaning, so we treated them as synonyms. However, Australia adopted Education for Sustainability (EfS) rather than the UN terminology of ESD, and much of the research that was reported at the national level as ESD was also reported as Environmental Education (EE) or Education for Sustainability (EfS), interchangeably [73] . So far, we have not found bibliometric approaches for all three terms in the literature.
Then, we decided to consider conferences' proceedings as document types. Even though the quality might vary with respect to the reviewing process of registered papers and/or scientific committees and some journals accept for publication even presentations, our rationale was that some research results are presented only during conferences and do not get published. What is more, some presentations do get published, but much later and in a changed version (e.g., in a conference, one publishes only a stage in the research process).
Although an analysis of published papers can also be done starting from the language in which they were written, all 1813 documents from our dataset were in English, which reinforces what Hallinger and Chatpinyakoop found, namely that "the coverage of documents in other languages remains quite uneven" [54] .
The number of publications is just one of the possible quantitative features of an author's contribution to the information process worldwide, and it is an incomplete one. We have seen that scientific publications in the field of ESD are of various types. Regarding their value and contribution to the development of the field, we decided to also analyze the categories and domains in which they were included in WoS. We found that research related to ESD entailed great efforts on the part of professionals from various scientific areas and disciplines. At the same time, this research links several diverse research disciplines and areas, due to the increasing complexity of current social and economic processes, as well as to the need for dealing with growing environmental risks. Thus, the articles were divided into different categories like "education and educational research", "environmental sciences and ecology", or "geography, science and technology", which confirms the idea that fertile scientific contributions can be found in very diverse sources (journals, books, conferences, etc.). Publications related to ESD are not restricted to specialized journals.
It should also be mentioned that, according to the characteristics of a journal or a conference, a paper can be recorded in more than one research field. There were 3113 research documents, which means that there were many interdisciplinary papers. Hence, ESD basically brings contributions to all scientific fields (education, environment/earth science, ecology, economy, public administration, social sciences, computer science, etc.), which opens up new paths of integrative research. If we were to look at the computer science research area, we could find 33 interdisciplinary papers, distributed on research segments as follows: engineering (9), educational research (6), business economics and telecommunications (two papers each), and one paper for each of the research areas: agriculture, information science library, public administration, social sciences, and women's studies. The six articles at the intersection of computer science and educational research were put out in recent years in the proceedings of IEEE conferences on e-learning, computing education, technology for education, or advanced learning technologies. The topics tackled in these publications are diverse: the use of Information and Communication Technologies (ICT) as a pedagogical tool in order to raise awareness on key sustainability issues [74] , the use of ICT in teaching and learning on ESD [32] , or the inclusion of innovative experiences on ICT in the curricula in order to develop content about sustainability issues [75] .
These works on digitalization as an imperative for sustainable development, on the ways in which ICT can support ESD, and on ICT applications in educational systems acknowledge the challenges brought by new technologies and applications (the Internet, in particular) to ESD. As Makrakis rightly remarked: "ICTs can thus be a context for ESD as well as ESD can be a context for ICT" [76] .
Furthermore, interdisciplinary domains are ever more relevant to scientific research in ESD, and scientific events can channel knowledge in this field. In truth, ESD is too complex to be fully covered by accessing a single research domain. In this respect, our results are consistent with those of Veiga Ávila et al. [7] .
Based on the annual trends of ESD related publications analysis, we divided the evolution of research into three stages:
(a) From 1992 to 2004, the initial stage, with only 37 records in total. The first article in the database was issued in 1996, compared to 1998, found by Hallinger and Chatpinyakoop [54] . Until 2005, there was a slight increase in the number of publications. For roughly the same period (1990-2005), Wright and Pullen [1] reported that the number of articles on ESD increased from 64 in 1990 to 162 in 2004, but this growth was nonlinear. (b) Between 2005 and 2014, we are in a steady rise stage, the total records being 703. Figure 2 illustrates that, starting with 2005, the number of publications tended towards a dynamic growth and peaked in 2014, when 134 articles were published. According to [1] (p. 80), "while it is beyond the scope of bibliometry to investigate the causes of the observed peaks and increase, it is conceivable that they correspond with various international efforts to promote ESD." Indeed, this stage coincides with the UN Decade on Education for Sustainable Development. The articles written in this period were, in general, research papers concerned with integrating sustainable development principles and practices in all aspects of education. The topics mirrored the aim of the decade to encourage change in knowledge, values, and attitudes, conducive to a more sustainable and fair society for all. Starting with this period as well and continuing into the following years, ESD sparked the interest of both researchers and mass-media. A series of research and awareness campaigns was initiated, regarding the need for EfS and SD.
(c) From 2015 to the present, we are talking about the stage of high growth. There were 1073 papers published in this period, with a peak (291) in 2017. Basically, since the formal concept of ESD emerged internationally, there has been a steady rise in the number of publications, which proves that ESD is an active area of research. According to [1] , a simple explanation for this growth may be the fact that in 2015, during the UN summit organized in New York, Agenda 2030 for sustainable development was drafted and adopted by all member states, together with its 17 SDGs. As a result, papers published after 2015 focused more on the role of education for the achievement of sustainable development, especially from the perspective of SDG4: Quality Education for All.
For the future, we can expect the production of literature on ESD to grow constantly, as we are witnesses to a significant development of research.
The rankings showed the presence of valuable researchers, usually scholars with a longstanding interest in ESD, who can become key-players in developing research strategies in this field. RMIT associate professor Thomas Ian was the author with the most "solo publications". In his research, he focused mainly on the implementation of environmental education and sustainability education in Australian universities and the development of graduate capabilities for sustainability.
At the same time, each author from the top 10 developed and conducted research on innovative teaching and learning approaches in sustainability programs. For example, Matthias Barth's (the second place) emphasis was on competence development, innovative learning settings, and curriculum change, while Arnim Wiek's (the 10 th most prolific author) major research interests were in urban development, resource governance, climate change, and public health.
On the other hand, every country had a different level of development and a different cultural background. This can cause considerable differences in their understanding of ESD [63] . Classifications based on countries with the largest number of publications and citations were dominated by OECD member states. A possible explanation could be that in developing countries, research connected to ESD received less support from the state. In contrast, research emerging from OECD member states proliferated at a great speed, probably also because in these countries, there are more universities and research institutions (than in non-OECD ones) that require a constant publication policy in the field of SD (UN, 2019). Wright and Pullen [1] claimed this statement cannot be proven by a bibliometric analysis, but it is an aspect worthy of investigation in future studies.
It is important to stress that, since 2015, no country (not even the most developed ones in the world like the USA, Australia, or Japan) has achieved or is on track to achieve all SDGs [77] . Among the top 10 countries with the most publications, Sweden is the closest to achieve the SDGs with a score of 85, as reported in the SDG Index and Dashboards 2018. In order to improve, major transformations are needed that require partnerships involving multiple stakeholders: business, government, academia, and civic society.
However, China is a notable exception in these rankings. Usually, China's economic growth is described as "unstable, unbalanced, uncoordinated and ultimately unsustainable" [78] . As an important world player and leader in the technological field, China demonstrated it is "one of the world's fastest growing economies" and can no longer be considered a developing country. Although SD has been a fundamental national policy in China since 1992, back when the Chinese government started to implement Agenda 21 [79] , "little analysis has taken place regarding the progress of ESD in China" [80] , "no research has been done to summarize education development associated with sustainability in China" [81] , and "less knowledge is available to understand how existing SE programs were designed" [17] . There is "an urgent need to conduct extensive research on sustainability" (Yang and Jiang, 2019), and it should be noted that the rate of Chinese scientific articles on ESD growth has been high since 2015, the year in which its "leadership confirmed its intention to advance international agendas such as the Sustainable Development Goals and the fight against climate change" [82] .
It should also be highlighted that 10 out of the 52 contributions selected as "resident" in China were, in fact, written in collaboration with authors from the European research space (Brighton University, University of Lisbon). This stands as proof for the fact that common EU-China engagements and interests regarding global sustainable development and Agenda 2030 offer opportunities for a tighter cooperation. Therefore, on the one hand, China is/can be a crucial partner in promoting SD and solving global environmental issues, and on the other hand, China is working alongside the EU in view of finding common solutions to global threats and towards building a better future for human society, "to keep pace with the world and its challenges" [78] .
There is no doubt that the impact of research from the USA, Australia, and England is the most significant, since it accounts for 39.87% of the total articles. Although ESD is an issue of global concern, Nomura [56] suggests it should be "contextualized more in harmony within the global south." It is equally true that OECD member states have shown more commitment to this field compared to other countries, like those in the Asia-Pacific region or sub-Saharan Africa [23] . In places such as Indonesia or Bangladesh, there are serious issues connected to the evolution of sustainable lives, economies, and societies, and "the application of innovative curriculum, content, progressive pedagogy, sustainability-oriented teaching materials, practice standards, monitoring and auditing mechanisms for ESD teachings are very much required" [56, 83] .
According to our data, the most active institution was RMIT, a university committed to incorporating sustainability principles and practices into learning and teaching, research, and operational activities. An impressive number of 42 articles were published in the past decade (2008-2018) by RMIT affiliated authors. In fact, Thomas Ian, the author with the most published papers in the field of ESD, works at RMIT. Four other Australian universities can be found in the top 10, a clear indication that institutions from this continent are determined to incorporate sustainability in the curriculum of various courses and even to develop fresh study programs (such as Master's of Global development from James Cook University). Some Australian universities are running Massive Open Online Courses (MOOCs), thus supporting the idea that open education (open educational resources and their offspring, MOOCs) is a valuable and significant factor in meeting the UN and UNESCO's goals, especially in achieving SDG4 [27] . To give just one example, "The Science and Practices of Sustainable Development" is a MOOC run by edX, created by The University of Queensland, part of a MicroMasters program in global development.
Zutshi, Creed, and Connely [9] argued that sustainability initiatives should occupy a strategic place in higher education institutions, while Alba-Hidalgo, del Alamo, and Gutierrez-Perez [84] recognized the mature experiences associated with environmental sustainability in connection with the main pillars of a university's activity: teaching, research, facilities, and services. In this sense, universities began collaborating and adopting external standards. Among these standards, we came across "The Talloires Declaration", the first official declaration made by university representatives that highlights the need for SD in higher education and outlines ways and areas of implementation. The mission of universities is to boost SD, with a special focus on teaching, research, and attracting colleagues from institutions throughout the world by means of publications, research, and assessment. By January 2019, 505 universities from about 200 countries had adhered to the Talloires Declaration, including all five Australian ones from the top 10 most productive institutions. To conclude, the Australian context shows how universities can serve as an important example for other institutions in the process of implementing sustainability initiatives in the academic sphere.
From our dataset, 660 articles (36.4%) featured in the prestigious top 10 highly productive and visible specialized journals (e.g., Journal of Cleaner Production, IF = 6.395, found in Quartile 1 for all three categories: engineering, environmental, environmental sciences, and green and sustainable science and technology). One hundred seventy three of these papers (9.542% out of the total number) appeared between 2008 and 2018 in Environmental Education Research, whose mission is "to advance research-based and scholarly understandings of environmental and sustainability education". One hundred twenty one were articles, most of which were published in 2018, when there were 12 issues/per year compared to other years when we had 6-10 issues.
Thus, ESD seems to be well received by the academic community, particularly since a series of articles was included in international journals with a high impact factor. If we looked at the quartiles in which these journals were placed, we could notice that researchers tended to pursue a rather moderate publication strategy (in Q2 and Q3, there were 11 publications). There were also contributions following an aggressive publication strategy (in Q1, six publications), and very few adopted a conservative strategy (in Q4, only one). All in all, the great majority of research in this field met high quality standards.
A better choice for article submissions might be Open Access (OA) journals. Open access is considered the best way to improve knowledge flow. In Europe, for example, one of the objectives launched by the Horizon 2020 program stipulates 100% availability of open access scientific production.
The number of open access publications (in our dataset) was 345. The 10 leading open access journals are (the number of papers is in brackets): Sustainability (96), Procedia Social And Behavioral Sciences (28), Environmental Education Research (19) , Education Sciences (12) , International Journal of Sustainability in Higher Education (10), Policy Practice A Development Education Review (9), Journal of Cleaner Production (8), Sustainability Science (7), European Journal of Sustainable Development (5) , and the Third World Conference on Educational Sciences 2011 (4) .
Interestingly, two conference proceedings were among the top 10: Procedia Social and Behavioral Sciences and Third World Conference on Educational Sciences 2011, which confirms our belief that including conferences in the search widens the citation spectrum for a domain. These findings concur with those of [7] .
Open access related to our dataset also revealed receptiveness and transparency in research. The annual quota of open access papers varied in the WoS category between 35 and 38% for education educational research, environmental studies, and green sustainable technology and environmental sciences and 6-14% for engineering multidisciplinary, energy fuels, education scientific disciplines, economics, and engineering environmental and social sciences disciplinary. This is an excellent indicator in the context of promoting open access policies for digital scientific content at the European and international level.
Citation and Co-Citation Analysis
By taking citations into account as indicators of usage and visibility, we were able to assess the structure of the essential part of fundamental literature on ESD, regarding important documents, authors, and journals. At the same time, citation context analysis gave us useful perspectives on the performance of certain scholars and research groups, regarding the impact citations have on researchers' work.
The most cited author was that of Wiek Arnim; he was also the lead author of the most cited paper. The 11 documents included in WoS brought him 680 citations.
From Table 3 , we can see that the overlap in citations between WoS, Scopus, and Google Scholar was rather small. However, the number of works indexed in WoS was significantly smaller than in Scopus (GS does not even show the total number of papers; therefore, we used Publish or Perish to scan these authors). Obviously, this situation led to significant differences in the number of citations and to different h-indexes. Harzing [85] demonstrated that, in general, GS produced twice as many citations as WoS and almost as many as Scopus. In our case, however, GS provided on average 7-8 times more citations than WoS, and Scopus almost 4-5 times as many.
Browsing the most cited papers provided a very quick understanding of ESD mainstream related research and its major trends. Although their content was varied, the articles were drawn toward two major themes. The first, identifying key competences in sustainability, featured papers that explored: the action competence approach [86] , how real-world learning opportunities can contribute to the acquisition of key competencies in sustainability [87] , which are the most relevant competencies for SD to be fostered through university teaching and learning, and what are the critical gaps in their conceptualization [88, 89] .
On the other hand, the second, implementation of ESD in higher education, tackled aspects such as: how to deal with the complex problem of SD in higher education through a transdisciplinary real-world case study approach [90] ; how to include and cover the topics of ethics, corporate social responsibility, and sustainability in higher education institutions [91] ; the role of academic institutions as sustainability leaders and change drivers, and what efforts are made to convert environmental education into ESD [92] ; academic staff development as a catalyst for curriculum change [93] ; how university leaders' intentions can help to improve the effectiveness of ESD [94] , or what is needed to shift towards a sustainable university [95] , etc.
These articles appeared between 2006 and 2015, more or less in the UN Decade of ESD. The content and themes discussed showed that the authors embraced the main goal of DESD to integrate SD into all facets of education and learning in order to create a more sustainable future. On the other hand, citations could sometimes be perceived as more important than the article's content.
In terms of relative impact, American research was outstanding with 13.45% of all citations referencing papers from the USA. Except for Belgium and Mexico, all the other countries were found in the top of most publications. Belgium and Mexico had a small number of published works, 31 and 25, respectively, but have a big number of citations. Hence, these two countries had scientific performances in the area of quality ESD research. It also had to be mentioned that there was an international interest in Mexico, which, unfortunately, was not one of the pioneer countries in terms of sustainability. However, researchers seemed attentive to the developments in this country, judging by the large number of citations.
Interestingly, if Japan and China were in the top 10 when it came to publications, in Positions 9 and 10 respectively, they occupied Positions 12 (with 385 citations) and 18 (with 217 citations) in the citation count. China has had a remarkable evolution, however. Chinese articles are increasingly cited internationally, and this might be due to the fact that it is the first country to set up a national citation index. At the end of 2007, a partnership agreement was sealed with Thomson Reuters (now Clarivate Analytics), stipulating that the Chinese Science Citation Database would be hosted by the ISI Web of Knowledge platform. Currently, it is available on the Web of Science and can be browsed in English.
Authors from China focused on research themes that highlight advances in academic efforts for implementing sustainability in higher education: the students' perspective on HE for SD, sustainable universities (green campus, green universities), introducing ESD in university curricula, student environmental awareness, etc. This complies with China's commitment to its National Plan for Medium and Long-term Education Reform and Development (2010-2020). Since 2010, ESD has been a national strategy of education development in China [63] .
The top 10 institutions added up to 20.15% citations from the total of articles in WoS, which confirmed their importance for ESD research. However, Australian institutions predominated, possibly because UNESCO's Decade of Education for Sustainable Development triggered the "agenda setting and concrete actions around sustainability and EfS" [96] , making sustainability one of the three cross-curriculum priorities incorporated into the Australian Curriculum, into all learning areas and at all levels. Naturally, much research had to be done for ESD to be embedded efficiently and relevantly. The content of articles by Australian authors took up various topics, which were important for the Australian curriculum, such as teachers' perceptions of sustainability, the curriculum and/or teaching practices, blending learning techniques that promote EfS, understanding the institutional change of education for sustainability in universities, the EfS policy processes from development to implementation, etc.
The quality and prestige of a journal is built on the quality of published papers. From the journals' citation analysis, we saw that the most cited one was "Environmental Education Research", with around 3000 citations. P.O. Seglen [97] argued that citation quotas of scientific papers determine the impact factor of a journal, and not the other way around. The more a journal and the articles included in it are quoted, the bigger its impact factor.
Besides descriptive statistical methods, we used two bibliometric ones, namely bibliographic coupling and co-citation analysis. Bibliographic coupling plays an important role in bibliometric mapping and in finding information. The power of co-citation between two items is given by the frequency with which they show up together in reference lists. Bibliographic coupling is the number of references shared between two items that are citing [98] . The power of co-citation and bibliographic coupling thus expresses the similarity between two journals, two authors, or two documents, as it is reflected by the authors' reference system.
The three clusters in the visualization from Figure 4 of the bibliographic couple networks included researchers who most often shared a common research vision. In the red cluster, we could spot key scholars like Wals Arjen, Ceulemans Kim, or Kopnina, Helen. These researchers shared interests surrounding globalization and environmental education: natural resource management, developing competencies and pedagogical approaches for sustainability, environmental values, and ethical approaches, etc. The green cluster pointed to top scholars, such as Huisingh Donald, Lozano Rodrigo, Lambrechts Wim, or Barth Matthias. Their common research was within the large field of sustainability in higher education: implementation of sustainable development in universities, teaching sustainability issues in higher education institutions, collaboration with communities for ESD, developing key competencies for higher education, etc. In the blue cluster, one could see top-ranked scholars such as Wiek Arnim, Rieckmann Marco, and Katja Brundiers, who all had as research goals projects linked with research and innovations through academic curricula.
Co-citation is important for bibliometric analyses also because it offers a broader perspective on researchers' influence than direct citation analysis.
In Figure 4b , we can notice a center-periphery pattern, with an essential segment being formed around the most cited authors (e.g., Sterling or Lozano). UNESCO [70] featured as a top co-cited author, which is not surprising due to the fact that UNESCO is the main proponent of ESD research and practice all around the world, providing mass materials research on ESD since 1992 [63] .
Only three scholars (Wals, Lozano, and Wiek) were identified through direct citation, bibliographic coupling, and co-citation. One would expect the situation to be the opposite: just 2-3 scholars not present, for example, in the top 10 most cited authors (direct citation). Therefore, direct citation, bibliographic coupling, and co-citation analysis did not overlap. However, if we looked at these classifications, we had a general image; hence, the mutual reinforcing of these three methods illustrated the capacity of co-citation analysis to identify influential authors.
The most influential paper was authored by Wiek, Withycombe, and Redman [88] as it was ranked first in the top 10 cited and co-cited publications. The main aim of the article was to identify both relevant literature and critical gaps in the conceptualization of key competencies in sustainability. We accessed WoS and found out that the number of citations for this paper went up from 377 to 453 from the beginning of the year and up to the time of drafting this article (September 2019). Citation dynamics can be explained by the fact that, according to its authors, insights from this study can be considered groundwork for institutional advancements in designing and revising academic programs, but also for teaching and learning evaluations, or hiring and training faculty and staff. On the other hand, the lead author, Wiek, is associate professor at Arizona State University, which backs up the assertion that each researcher is the "architect" of scientific visibility of the institution to which they belong. In Table 5 , there were two papers (UNESCO and WCED) that did not meet publication standards of scientific articles, but they are fundamental to ESD. This strengthens Hallinger and Chatpinyakoop's belief that analyzing co-citation is a method to detect those documents that bring major contributions to the literature in a field besides the database being used [54] .
To visualize the journals that are important for the main literature, we carried out a co-citation analysis on journals. The biggest impact on the field came from Education Environmental Research and the Journal of Cleaner Production. The data associated with Figure 6 indicated an asymmetrical distribution of journal citations: 13 journals were cited 20 times and 26 more than 100 times.
Last but not least, the spread of journal citations and co-citations helped evaluate the influence of different disciplines on a domain. A large part of references corresponded to a wide range of other disciplines, such as economy (Journal of Business Ethics, IF = 3,796) or sciences (International Journal of Science Education, IF = 1.255). Themes often featured in these journals are linked to ethical approaches of SD, corporate SD, sustainability science education, teachers' perspectives and competences on EE, etc.
Co-Authorship Analysis
The next step was to perform a co-authorship analysis to measure the scientific impact of researchers and to assess the collaboration trends between authors, countries, and institutions. Usually, the co-authorship analysis looks for answers to basic questions such as: "Who collaborates with whom and how?", "Does collaboration truly influence the impact?", "Can past collaborations be assessed?", "What happens with collaborations between industries and universities?" etc.
To delineate the scientific impact (quality) of a researcher, in addition to the number of co-authored publications, the work in [36] also analyzed "the extent to which co-authorship becomes international in the sense of collaboration". With one exception, Rieckmann [89] , we see in Table 4 that all the articles were the result of collaboration. In general, authors came from different institutions, only three papers being the product of international cooperation. Although the top 10 was dominated by institutional collaboration, this was mainly achieved locally or regionally, which calls for extending cooperation internationally.
In addition to Ellegaard and Walin's suggestions [36] , Glänzel [41] advised using co-authorship analysis in conjunction with the h-index analysis. The main collaboration trends were between visible researchers (measured by a high Hirsch score and a high number of citations) with other visible researchers (e.g., Wiek and Brundiers) , but also with less visible academics (e.g., Wiek and Foley) .
Finally, by looking at institutions (Figure 9 ), it became clear that ESD has evolved into one of the most fertile domains of international scientific cooperation. Multi-and inter-disciplinary networks of researchers from different countries function with direct or indirect support from public or private research organizations and centers. However, by using a quantitative analysis method, we can only speculate on why researchers collaborate, write in co-authorship, or engage in knowledge sharing.
Co-Occurrence Analysis
In order to identify the themes that are most commonly discussed among academia and the topics that are representative for research in the period 1992-2018, we looked at the keywords' synthesis made by CiteSpace ( Figure 11 ).
The highest frequency term was clearly ESD (516). If we left out the search terms (ESD (516), SE (163), and EfS (138)) together with S (300) and SD (288), the most frequent topics studied in the literature were: education (247), higher education (232), environmental education (219), university (146), knowledge (105), curriculum (98), science (96), attitudes (74), students (73), management (57), competences (51), framework (49) , pedagogy (44) , environment (39) , challenges (39) , future (38) , teachers (38) , policy (37), behavior (36) , and engineering education (36) .
According to the analysis of the results from CiteSpace, it was seen that the software divided the keywords into seven clusters. The keywords from the clusters were the key topical foci, those keywords that reflected the focus of the authors and their papers. As depicted in Figure 10 , the prominent research directions (throughout the period of 1992-2018) were gathered in the following seven major clusters: sustainable development, real-world learning opportunities, sustainability competencies, environmental issues, natural resources, resilience thinking, and integrating sustainability. In each cluster, the term ESD was connected to almost all the other words/topics. At the same time, all the words had at least one link to each other, which delineated the main research areas in which studies were made and issues related to ESD could be found (i.e., those areas in which research questions have been posed, but no answer has been given yet).
"Sustainable development" is an important cluster throughout the entire period, since it addresses general research topics such as understanding ESD definitions, concepts, curriculum or theory, exploring the global research agendas and practices on ESD, mainstreaming ESD into educational policy, etc. The "real-world opportunities" cluster covers transdisciplinary studies that explored the role of higher education in solving real-world sustainability problems, analyzed how real-world learning opportunities contribute to the acquisition of key competencies in sustainability, etc. The "sustainability competences" cluster drew attention to building educators' and trainers' capacities, stimulating learning and promoting the core competencies in ESD, articulating them in the educational programs, and so on.
The "environmental issues" cluster encompassed research on critical perspectives of environmental education, such as the essential role of eco-pedagogy in citizenship and empirical insights on integrating critical environmental issues into the curriculum (e.g., global climate change, loss of biodiversity, pollution, waste disposal, and many others). "Natural resources" was a cluster that summarized research on integration of natural resources into the curriculum, education about sustainable use and management of natural resources, learning about conservation of natural resources, ecological footprints, major risks and consequences, use or abuse in preserving natural resources, etc.
The "resilience thinking" cluster included more action-oriented research, with scholars focused on exploring the critical characteristics of applying resilience thinking to SD, building resilience in socio-ecological systems, achieving sustainable and resilient societies, teaching resilience, etc. Finally, the "integrating sustainability" cluster referred to the development of ESD through the integration of SD into education systems and the integration of education as a means to achieve SD; the relevance of ESD in relation to the achievement of all the SDGs, but also to empowering youth and local communities as critical drivers for SD; how to scale ESD or transformative education for sustainability and responsible citizenship.
Besides the progress and issues of ESD research, from the co-occurrence analysis, we can also identify emerging concepts within themes. Some of the trends that caught researchers' attention in recent years were: teaching students about the problems of moving into a circular economy [99] ; disruptive technologies starting with the application of innovative learning technologies, such as massive open online courses [100] or serious games [30] , augmented reality and mobile devices [33] , or the growing level of automation due to artificial intelligence and robotization [31] ; surmounting barriers like cultural divide in terms of those who do and those who do not (do recycle, do not use plastic bags) [24] , or enduring loss from wrong beliefs (e.g., the impact of "alternative facts" or "fake news" in driving real news, together with low trust in media or the increasing presence of fake indicators, etc.) [101] .
The content of clusters also uncovered stringent topics that are not dealt with enough in the literature. For example, in the cluster "integrating sustainability", we found "indigenous knowledge", a topic that, although not frequently approached, is deemed by UNESCO as a key-concept to SD. "Indigenous knowledge (IK) is broadly speaking, the knowledge used by local people to make a living in a particular environment. ... This definition encompasses all forms of knowledge, technologies, know-how skills, practices and beliefs that enable the community to achieve stable livelihoods in their environment" [102] .
In our dataset, there were 15 articles about IK, written between 2009 and 2018, with an average of two articles per year. Most of them had Canadian authors. Despite the fact that Canada's educational institutions have largely ignored, and continue to ignore, IK and pedagogy [103] , Canada is still one of the first countries that recognizes IK as a valuable asset the world can use to better understand climate impacts. In these papers, the authors described IK practices and approaches and their utilization pattern for SD, as well as the challenges and opportunities in the protection and preservation of IK in different parts of the world. They dealt less with how to integrate IK in classroom lessons and in the curriculum. Indigenous knowledge, as an important connection to sustainability [62] , alongside many other trends that are waiting to be discovered, is a growing field of inquiry; therefore, researchers should be prepared to further investigate other aspects like: What is the teachers' understanding of the nature of IK? To what extent do they integrate IK in the classroom? What are their reasons for not including IK in the classroom?
To sum up the keywords' analysis, we should note that by identifying research areas and emerging trends, we have confirmation, once again, that ESD studies have increased rapidly and that ESD issues are interdisciplinary and extremely complex.
Limits and Suggestions for Further Research
The data we analyzed provided interesting insights on research in ESD carried out since 1992 up to the present. Nevertheless, there are some limitations that should be acknowledged:
• Firstly, our study was based on a sample of documents from WoS. There are other databases that index papers on ESD that should be explored. As we have seen in Table 3 , Scopus and Google Scholar offer for the most cited authors more documents than WoS. Tăbăcaru [104] reported that at the beginning of the year 2019, Scopus had 31% more indexed journals than WoS. In a recent study, Martin et al. [37] asserted that Google Scholar will be a better source than WoS or Scopus in terms of comprehensive coverage and finding significant citations. However, scholars might consider conducting bibliometric analyses using other databases, maybe even making comparisons between them [85] . On the other hand, due to terminological innovations, variations, or linguistic confusion, articles that are relevant to ESD might exist, even though they have not been covered by this bibliometric study. Consequently, we believe further bibliometric investigations are necessary, so that we make sure a complete (as far as possible) dataset is obtained and then analyzed. In order to avoid duplicates or names with diacritics, apostrophes or ligatures, Thesaurus in VosViewer could be used. • Secondly, it is well known that WoS includes, almost exclusively, documents published in English. Although the WoS Core Collection also comprises non-English journals or literature (with the non-English titles translated into English), the number of publications in other languages is much lower. In their study about promoting sustainability in HE in Portuguese speaking countries, Bizerril et al. [105] searched the SciELO (Scientific Electronic Library Online) database as well, showing that the number of papers on the topic was much bigger in Portuguese than in English provided by WoS. Thus, an analysis on non-English language databases would be interesting to do. Furthermore, as our results showed, the non-anglophone countries and cultures have different perspectives on ESD (with the notable impact of Chinese literature). More and more often, documents written in vernacular languages (which usually address locally or regionally relevant topics) cite non-English literature. This has a direct influence on the citation coverage of documents. • Thirdly, by analyzing the WoS dataset, for the period of 1992-2018, we gained a general view of the ESD field, because the impact of documents, authors, and journals changes over time.
Although the citation indicator is not exhaustive, it is quite objective and is widely used to assess the performance of scientific research. However, this indicator only calculates citations of published papers; informal communication, the exchange of ideas, and their contribution to the configuration of a scientific work are not taken into consideration. • Another limitation refers to the level of interest generated by an author's work. Despite the fact that in WoS, we have the "Usage counts" function, in this study, we did not consider the degree of visualization and the number of downloads in a bibliographic management tool; nor did we use alternative or complementary metrics for disseminating and tracking research. For instance, influence on social media (tweets about an article, journals comments, research blogs, Facebook posts, Wikipedia pages etc.) can be tracked by tools such as Altmetric. We did not include the type of papers in the set, either. Are they literature review, essays, conceptual papers, theoretical, or empirical studies? This is more a shortcoming of the method than a limitation of our study, but future systematic and qualitative reviews might be able to incorporate these aspects, as well.
•
As we have seen, there are emerging research trends or certain sub-fields that are less researched (e.g., IK) and are awaiting contributions (e.g., the importance of new technologies and applications in ESD, like serious games, artificial intelligence, Internet of Things, or blockchain). Thus, we could add to further studies more detailed bibliometric analyses of some of the clusters and themes/topics detected in this work. • Finally, the chosen timespan (1992-2018) should be reassessed by similar future research. In other words, the study should be reapplied and expanded, to keep up-to-date with new developments in the field and to see what differences occur between one period to the next.
However, these limitations can be seen as challenges that are opening up new avenues for future research.
Conclusions
In this article, we carried out a bibliometric analysis on 1813 papers published in the field of ESD. The papers were retrieved from the WoS database and covered the timeframe of 1992-2018. The main findings increased our understanding of the ESD domain: we identified vital research, landmark studies in the development of the field, critical past contributions, emerging trends, and potentially transformative ideas.
The number of publications, authors, and journals has increased, proving that ESD has gained momentum over the period examined in the study. Similarly, there are more and more works written in collaboration by people from different parts and cultures of the world, indicating that publishing on ESD is like a legacy to international efforts to bring this area of inquiry into the mainstream.
Basically, for the entire timespan we analyzed, the two main research directions were observed: integration of education into sustainable development and of sustainable development into education.
To conclude, we would like to stress once more the importance of bibliometric analysis in: (a) evaluating the international influence of scientific work in a reliable, transparent, and objective manner, in diverse research trends of ESD; (b) creating maps for scientific domains revealing the transnational and interdisciplinary character of ESD.
Starting from the most well known standard used to report sustainable development for organizations (Global Reporting Initiative), established by the NGO with the same name, together with the UN Program for the Environment, we adopted some principles of quality analysis and adapted them for the purposes of our study:
•
Originality: Our study's main contribution resides in the fact that we analyzed the entire period starting with the year in which ESD was defined as a research concept and up to the present. We also extended the range of indicators that are normally being used in bibliometric studies. Moreover, by employing three search terms, we managed to identify new research topics (e.g., IK) that are less visible, but equally important for solving specific ESD issues. • Balance: Our current work illustrated both the positive aspects of our research and the limitations, so that scholars interested in this subject might come to an accurate evaluation of our activity and undertake further studies starting from our limitations and the Discussions Section. • Comparability: We selected, collected, and included in this study information that allows those who might be interested to look at the evolution of the field (ESD), to identify countries, organizations, authors, and emergent trends, and at the same time, to make comparisons with other studies on the topic. • Accuracy: The information included in this document was extracted from WoS, the biggest database of abstracts and citations for scientific literature. Therefore, we considered the data to be correct, up-to-date, and accurate. • Clarity: We chose to present the information we obtained by bibliometric analysis and visualization (mapping science) so it could be accessible and easy to understand. • Timeliness: Our intention is to replicate this analysis in the following years because the field appears to be highly dynamic. All those responsible for policies, organization managers, but also young researchers and/or PhD students, need to be well informed on the developments in order to be able to make the appropriate decisions.
Despite all the results of the research carried out until now, there is still a long journey ahead, but we are convinced that ESD research is moving in the right direction.
